Introduction {#Sec1}
============

Overloading protection means detecting problems with distribution transformer and isolating from the load. Fuzzy logic controller is an intelligent tool that serves as an overloading protection for distribution transformers. It has logical rules which protects distribution transformers against overloading conditions \[[@CR1]\].

Overloading protection for the distribution transformer can reduce around 20% of electric power interruption \[[@CR2]\]. Protection and overloading protection in a particular, is one of the measurement strategies to improve power system's reliability status.

In Ethiopia, many customers were suffering from electric power interruptions. There were many malfunctions distribution transformers in Dangila town. Major causes of this malfunction of the distribution transformer was overloading conditions which can be easily prevented through overloading protection \[[@CR3]--[@CR5]\]. Currently, the practice of overloading protection in Ethiopia is low \[[@CR3], [@CR6], [@CR7]\].

Even though the government of Ethiopia developed strategies for energy supply, there is the varying level of intervention were being given both at the community level and energy centres \[[@CR8]\]. The efforts were not organized at the level of practice and this is due low number of researches to explore overloading protection in Ethiopia \[[@CR9]--[@CR11]\]. Therefore, the aim of this study was to protect the distribution transformers in Dangila town, Ethiopia.

Main text {#Sec2}
=========

Methods {#Sec3}
-------

### Study setting and period {#Sec4}

A Failure Modes and Effects Analysis were conducted in Dangila town from April 1 to June 3, 2019. Dangila is the capital city of Dangila woreda in Amhara regional state. It is 78 km away from Bahir Dar which is the capital city of Amhara regional state. The city has five sub towns, one substation, which gives serves to the town and the surrounding people.

Questionnaires were distributed to Ethiopia Electric Utility maintenance staffs. The questionnaire assesses the consequences of failures in terms of electric power interruption, damage of the components or further damage of subsequent sub systems.

Measurement {#Sec5}
-----------

Data were collected using interview and direct measurement. The questionnaire was prepared to collect the relevant data \[[@CR3], [@CR12]\]. Two weeks were given for data collectors and supervisors for 3 days on methods of extracting the information through interviewing, and direct measurement.

### Mathematical modelling for determining KVA ratings {#Sec6}

There were a mathematical equation for determining KVA rating of transformer, one and two.

From the collected data following parameters were calculated.

**For load assessment area of A**
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**For load assessment area of B**

In similar way:
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### Mathematical modelling of two load sharing of transformers {#Sec8}

Two transformers of equal voltage ratios were selected for working in parallel. This can avoid a circulating current between the transformers \[[@CR13]--[@CR16]\].

From the above (Fig. [1](#Fig1){ref-type="fig"}) circuit the following parameters were calculated.$$\documentclass[12pt]{minimal}
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Modelling of fuzzy logic base protective relay {#Sec9}
----------------------------------------------

The Fuzzy logic interface (Additional file [1](#MOESM1){ref-type="media"}: Figure S1) was used to make decisions \[[@CR17]--[@CR19]\]. Thus it is more precise than conventional relaying techniques. The Fuzzy logic controller was an intelligent tool to manage the loading condition, so as to protect transformers from overload conditions.

The proposed fuzzy logic based input was defined as:T~1L,~ represents the load of transformer one.T~2L,~ represents the load of transformer two.

### Membership function for proposed control {#Sec10}

The membership function defined how the input is mapped to member values \[[@CR20]--[@CR23]\]. **T**~**1L,**~ represents the membership function load of transformer one (Additional file [2](#MOESM2){ref-type="media"}: Figure S2). It consists small, medium and large.**T**~**2L,**~ represents the membership function load of transformer Two (Additional file [3](#MOESM3){ref-type="media"}: Figure S3). It consists small, medium and large. The output power was membership functions of the proposed control system (Additional file [4](#MOESM4){ref-type="media"}: Figure S4). The output linguistic values were not shared, share, and trip (Table [1](#Tab1){ref-type="table"}).Table 1Rule base of transformer loadT~2L~T~1L~SmallMediumLargeSmallNot shareNot shareShareMediumNot shareNot shareShareLargeShareShareTrip

### Proposed control rule {#Sec11}

The control rule content was linguistic variables \[[@CR24]--[@CR27]\]. These linguistic descriptions take from if then rule. The proposed control had nine rules for transformer overloading protection that consist input antecedents and consequences of output (Additional file [5](#MOESM5){ref-type="media"}: Figure S5). The rules are shown in (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Rule editor

### Overall controller system {#Sec12}

Transformer load one and transformer load two were the input parameters of the controller. T~1L~ and T~2L~ indicates the load of transformer one and load of transformer two respectively. The load for each transformer was assumed to the Gaussian random signal generator. The multiport conditional switch (Additional file [6](#MOESM6){ref-type="media"}: Figure S6) will take an action according to the rules written and loaded in the fuzzy logic controller.

### Operational definition {#Sec13}

Overloading protection: If power system protection were used to protect the distribution transformer from overloading conditions \[[@CR20], [@CR28]--[@CR31]\].

Result and discussion {#Sec14}
=====================

Simulation result {#Sec15}
-----------------

The controller looks the load on transformer first and made decisions (not share, share and trip) to protect transformers. Therefore, there was no equipment failure and power interruption due overloading conditions.

In order to evaluate the performance of rule based load sharing system, three various types of loads were applied at the output of the distribution transformerCase (I): The two transformers were at normal state.When the two transformers were at normal state, during this time the sharing relay was not energized because it feeds its load at normal state.Case (II): when one of the transformers was overloaded.When one transformer was at normal state and another was overloaded, at this condition the sharing relay was energized to share the load.Case (III): The two transformers were overloaded for each phase.

When two transformers were overloaded, at this condition the relay will trip to protect transformers.

Conclusion {#Sec16}
==========

The work was all about how to supply power intelligently manage an overload condition. The system automatically connects and disconnects switch to share the transformer loads. Most of the villages were suffering with electric instructions. This was due to transformer failure. A recommendation to decrease power interruption in the town was: Load sharing of transformer to protect from failures. This load sharing was modelled to the town; therefore, this transformer load sharing system was the best solution to protect equipment failure and electric instructions.

Intelligent controller was used to make intelligent decisions by sensing amount of the load on the transformer. Rule base fuzzy logic controller manages the load and transformers were protected from overload condition.

Limitations {#Sec17}
-----------

Possible demand growth rate with population and economic growth rate (load forecasting).Further study can be carried out for sensing fault current, surge voltage (consider more parameters).

Supplementary information
=========================

 {#Sec18}

**Additional file 1: Figure S1.** Fuzzy logic interface model. **Additional file 2: Figure S2.** Membership functions of transformer load one. **Additional file 3: Figure S3.** Membership functions of transformer load two. **Additional file 4: Figure S4.** Membership functions of output power. **Additional file 5: Figure S5.** Rule evaluations. **Additional file 6: Figure S6.** Overall protection systems for overloading protection/interface.
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